Temperature, pH, Conductance, and
Dissolved Oxygen in Cross Sections of
11 Lake Michigan Tributaries, 1994-95

By D.W. Hall, T.E. Behrendt, and P.E. Hughes

U.S. GEOLOGICAL SURVEY
Open-File Report 98-567

Prepared in cooperation with the
U.S. ENVIRONMENTAL PROTECTION AGENCY:

GREAT LAKES NATIONAL PROGRAM OFFICE AND REGION V
WISCONSIN DEPARTMENT OF NATURAL RESOURCES
MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY
WISCONSIN STATE LABORATORY OF HYGIENE
UNIVERSITY OF WISCONSIN WATER CHEMISTRY PROGRAM

Middleton, Wisconsin
1998

ZUSGS

science for a changing world



U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY
Thomas J. Casadevall, Acting Director

For additional information write to: Copies of this report can be purchased from:
District Chief U.S. Geological Survey

U.S. Geological Survey Branch of Information Services

8505 Research Way Box 25286

Middleton, WI 53562-3586 Denver, CO 80225-0286




CONTENTS

Discharge measurement and riVEr SAMPLNE .......ccovveiiiiiiiecii e et s et sese e se s sesessereseebennesseerene
Spatial and temporal variation in temperature, pH, conductance, and dissolved oxygen in river cross sections................
REFETENCES CHEA ...t et eb et s et e e b e e et abes e s et et ana s e e sesebe et anesasesees
Appendixes:

1.

2.

River hydrographs and sample-collection times:
1. Daily mean discharge, times of sample collection, and 20 percent flow exceedance level at Menominee
River, Wisconsin, station 04067651 ........cccoiiiiniiiiit ittt et et sre e e aemassen
2. Daily mean discharge, times of sample collection, and 20 percent flow exceedance level at Fox River,
Wisconsin, station 040851385 .....couiiiiiiicieee etttk b ee et bt b
3. Daily mean discharge, times of sample collection, and 20 percent flow exceedance level at Sheboygan,
Wisconsin, station 040860041 .........ooiiiiiiiiiiiiiieiiece ettt e serbereeeseesanteeesesenraeeesrrateesarreensnnes
4. Daily mean discharge, times of sample collection, and 20 percent flow exceedance level at Milwaukee
River, Wisconsin, Station O408TIT0 ......coiiiiiiiieiiiieiiiierteee e eeitrteeesereeeteeeeserteteseesssbaseesssssenseessassssonaeeas
5. Daily mean discharge and times of sample collection, at Indiana Harbor/Grand Calumet, Indiana,
StAtioN 04002759 ...ttt e st st b et b et n e er e sbe e sre e ent
6. Daily mean discharge, times of sample collection, and 20 percent flow exceedance level at St. Joseph
River, Michigan, station 04102533 ... .ot e
7. Daily mean discharge, times of sample collection, and 20 percent flow exceedance level at Kalamazoo,
Michigan, station 04108660...........o.oocuiiiiiiiii et sttt e e s re et e es e eaeee

8. Daily mean discharge, times of sample collection, and 20 percent flow exceedance level at Grand River,

Michigan, station 4120250 ........c.ooriiiee et e ettt e e e e e
9. Daily mean discharge, times of sample collection, and 20 percent flow exceedance level at Muskegon
River, Michigan, station 04122150 ...ttt ettt b
10. Daily mean discharge, times of sample collection, and 20 percent flow exceedance level at Pere
Marquette, Michigan, station 04122500 ........ccccoiiiiiiiiiii e s
11. Daily mean discharge, times of sample collection, and 20 percent flow exceedance level at Manistique,
Michigan, station 04057005 .......c.ocoiiiiii et et st e

Temperature, pH, conductance, and dissolved oxygen data from tributary sample sites:

1. Menominee River, WiSCONSIM c..ccociiiiiiiiiiiiiriitci et eb e s
FOX RIVET, WISCOMSIM 1euvviiittiitiietiiitteesteesee st taesabesseeasseeeseessbeaeseeasessbeasabesasesasseesaesesbeennneseseenenesaeenseonnesssens
Sheboygan River, WISCOMSIN «..c.ecvoiicieniriiiicen e b st
Milwaukee RIVET, WISCOMSIN c..vviuivecriitieriiirrine ettt ettt et er e st e s s en e n b v e b
Indiana Harbor/Grand Calumet, Indiana.......c..cccoccoriiniiiniinniiciiicr e e cnasenees
St. Joseph River, MIChIZan.........ccocooiiiiii e s
Kalamazoo River, MIChigan..........cccoiiiiiiiiiiiiien e et
Grand River, MICRIZAN ....c.coiiriiriiriiie it b
Muskegon River, MIChIgan ...
Pere Marquette River, MiChian ..ot
Manistique River, MIChIZan .......ccooiiiiiiiiii s s

—OVXE®NOL R WD

—

FIGURE

1. Location of Lake Michigan Tributary Monitoring Project sampling Stations.........ccccouvveiiieniniiensininnnnseieens

TABLE

1. Identifier numbers, station names, and station numbers of monitored tributaries to Lake Michigan......................

CONTENTS



CONVERSION FACTORS AND ABBREVIATED WATER-QUALITY UNITS

Multiply By To Obtain
inch (in.) 25.4 millimeter
foot (ft) 0.3048 meter
acre 0.4048 hectare
square mile (mi%) 2.590 square kilometer
pound (Ib) 453.6 gram
ton (short) 0.9072 megagram (mg)

Abbreviated water-quality units used in this report: Chemical concentrations and water temperature are given in metric units. Chemical
concentration is given in milligrams per liter (mg/L) or micrograms per liter (ug/L). Milligrams per liter is a unit expressing the concentra-
tion of chemical constituents in solution as weight (milligrams) of solute per unit volume (liter) of water. One thousand micrograms per
liter is equivalent to one milligram per liter. For concentrations less than 7,000 mg/L, the numerical value is the same as for concentrations
in parts per million. Other units of measurement used in this report are microsiemens per centimeter at 25°Celsius (uS/cm).
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SPATIAL AND TEMPORAL VARIATION IN
TEMPERATURE, pH, CONDUCTANCE,
AND DISSOLVED OXYGEN IN RIVER
CROSS SECTIONS

Subsampling locations were determined by sam-
pling in the center of three estimated areas of equal flow
across each river, approximately at quarterpoints. At
each of these three points, a hydrolab was used to mea-
sure temperature, pH, conductance, and dissolved oxy-
gen at 0.2 and 0.8 times the river depth prior to the
collection of samples for water-quality analysis. All of
these data are presented in appendix 2. The Pere Mar-
quette and Kalamazoo Rivers were sufficiently shallow
at the sampled cross section that water was assumed to
be well mixed vertically, and therefore data were col-
lected and rivers were sampled at only one depth in each
of the three equal flow areas.

Qualitative analysis of the data presented in appen-
dix 2 indicate that the Kalamazoo, Pere Marquette, and
Grand Calumet/Indiana Harbor Rivers may be classi-
fied as being well mixed throughout the year. The She-
boygan, Menominee, Manistique, Muskegon, Grand,
and St. Joseph Rivers were generally well mixed during
winter months and stratified with respect to temperature
and conductance in summer months. The Milwaukee
River, and to a lesser extent the Fox River, were found
to be poorly mixed at irregular intervals throughout the
year.
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84 Temperature, pH, Conductance, and Dissoived Oxygen in Cross Sections of 11 Lake Michigan Tributaries, 1994-95
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Appendix 2



